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[57] ABSTRACT 
A method of placing a component on a printed circuit 
board by means of a manipulator and a device suitable 
for carrying out this method, whereby the position of 
the component is determined with an imaging device. 
The imaging device makes a picture of the component 
and of a reference member coupled to the manipulator. 
The position of the component relative to the manipula 
tor can be directly determined from this picture. The 
positions of the manipulator and the component relative 
to the imaging device may also be determined. Using 
the so determined component position, the component 
is placed on a printed circuit board in a given orienta 
tion so that the component leads are inserted into mat 
ing holes in the printed circuit board. 

12 Claims, 4 Drawing Sheets 
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METHOD AND DEVICE FOR PLACING A 
COMPONENT ON A PRINTED CIRCUIT BOARD 

FIELD OF THE INVENTION 

Of interest is commonly owned copending applica 
tion Ser. No. 576,321 entitled “Manipulation Device”, 
?led Aug. 29, 1990, now US. Pat. No. 5,058,263 issued 
Oct. 22, 1991. 
The invention relates to methods of placing a compo 

nent on a printed circuit board whereby a manipulator 
carrying the component is displaced relative to an imag 
ing device and the component is brought into an image 
?eld of the imaging device, after which the position of 
the component is determined by means of the imaging 
device and subsequently the component is put in the 
correct position on the printed circuit board by the 
manipulator. The invention also relates to a device pro 
vided with an imaging device and at least one manipula 
tor displaceable relative to the imaging device. 

BACKGROUND OF THE INVENTION 

A method of the kind mentioned in the opening para 
graph and a device for carrying out said method are 
known from German Patent Al 3546216. In this known 
method, an electronic component (chip) is transported 
to a feed position by a supply device. In this feed posi 
tion, a manipulator controlled by a control system picks 
up the component by means of an underpressure and 
moves it into an image ?eld of an imaging device. A 
picture of the component is then taken by means of the 
imaging device. In an image signal processor, this pic 
ture is compared with a model picture of the component 
stored in this processor, and deviations in an x- and a 
y-direction and an angular deviation about a z-axis are 
computed. An x-axis and a y-axis, which de?ne the x 
and y-directions, lie in a plane parallel to the printed 
circuit board on which the component is to be placed. 
The z-axis is directed transversely to this plane and 
coincides with an axis of rotation of the manipulator. 
After the deviations have been computed, the compo 
nent is rotated through an angle by the manipulator and 
is put in the desired position on the printed circuit 
board, during which the computed deviations are taken 
into account. During imaging of the component it is 
necessary for the manipulator to be in a position relative 
to the imaging device which is known beforehand. The 
position of the manipulator is determined by the control 
system. If the manipulator moves at a certain speed 
relative to the imaging device during imaging, the exact 
position of the manipulator at the imaging moment 
cannot be accurately determined by means of the con 
trol system. A disadvantage of this method and of this 
device is that, if the manipulator position relative to the 
imaging device deviates from the expected position, the 
position of the component relative to the imaging de 
vice cannot be well determined, and faulty corrections 
will be carried out. For example, if the component is 
picked up eccentrically by the manipulator, a rotation 
about the z-axis will cause deviations in the x- and y 
directions. If the position of the manipulator relative to 
the imaging device is known, these deviations can be 
corrected during placement on the printed circuit 
board. If this position is not accurately known, these 
deviations cannot be corrected. 
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SUMMARY OF THE INVENTION 

The invention has for its the provision of a method by 
which the positions of the component and of the manip 
ulator can be accurately determined in such a way that 
a correct placement on the printed circuit board is pos 
sible. 
The method according to the invention is for this 

purpose characterized in that a picture of the compo 
nent and of a reference member coupled to the manipu 
lator is made by means of the imaging device, after 
which the positions of the component and the manipula 
tor relative to the imaging device are determined from 
this picture. These positions are compared with ex 
pected positions relative to the imaging device. Subse 
quently, the manipulator is moved to above the printed 
circuit board, during which the deviations are taken 
into account, and then the component is placed on the 
printed circuit board in the desired position. 
The invention also has for its object the provision of 

a method by which the position of the component rela 
tive to the manipulator can be accurately determined in 
such a way that a correct placement on the printed 
circuit board is possible. 
The method according to the invention is for this 

purpose characterized in that a picture of the compo 
nent and of a reference member coupled to the manipu 
lator is made by means of the imaging device, after 
which the position of the component relative to the 
manipulator is determined from this picture. This rela 
tive position is compared with an expected relative 
position, and deviations in the x- and y-direction and an 
angular deviation about the z-axis are computed there 
from. The manipulator is then moved to the desired 
position above the printed circuit board, during which 
the deviations are taken into account, and then the com 
ponent is placed on, the printed circuit board in the 
desired position. The position of the manipulator rela 
tive to the imaging device must be such that the compo 
nent and the reference member are in the image ?eld of 
the imaging device during imaging. The exact position 
of the imaging device is immaterial in this method. 

It is noted that European Patent A2-0350850 dis 
closes a method and a device where a camera is con 
nected to a manipulator and makes a picture of the 
component and of a background which moves along 
with the camera and is provided with marks. In this 
device, the position of the manipulator relative to the 
camera is unequivocally known and the problem of 
determining the component position relative to the 
manipulator instead of the component position relative ’ 
to the camera plays no part. A disadvantage of this 
device is that the camera moves along whenever the 
manipulator is displaced. The weight of the camera 
causes positioning inaccuracies during quick move 
ments. Another disadvantage is that the use of a number 
of manipulators implies that each manipulator must be 
provided with a separate camera, so that a very expen 
sive device is obtained. 
An embodiment of the method according to the in 

vention is characterized in that a picture is made by the 
imaging device while the component carried by the 
manipulator and the reference member coupled to the 
manipulator are being moved through the image ?eld of 
the imaging device. This increases the speed at which 
the component is placed on‘ the printed circuit board. 
The manipulator may be moved through the image field 
of the imaging device at any speed desired. 
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The invention also has for its object the provision of 
a device by which the disadvantage of the known de 
vice is obviated. The device suitable for carrying out 
the method according to the invention is for this pur 
pose characterized in that the device is provided with a 
reference member which is coupled to the manipulator. 
This reference member has a ?xed position relative to 
the manipulator. As a result, the position of the manipu 
lator is known if the position of the reference member 
has been determined by the imaging device. The posi 
tion of the component relative to the reference member 
can also be determined, upon which the position of the 
component relative to the manipulator is known. 
An embodiment of the device according to the inven 

tion is characterized in that the device is provided with 
a number of manipulators, while the reference member 
is a common reference member which is coupled to all 
manipulators. The use of a number of manipulators 
increases the speed at which components can be placed 
on a printed circuit board. The use of a common refer 
ence member for all manipulators has the advantage 
that all manipulators can be coupled to a reference 
member in a simple manner. 
Another embodiment of the device according to the 

invention is characterized in that the reference member 
comprises a plate which is provided with at least one 
mark. The mark may be a white square which is pro 
vided on a black plate so as to obtain a good contrast. 
An inexpensive reference member is obtained in this 
way which may be added in a simple way to an existing 
component placement device, such as, for example, the 
one described in the German Patent Al 3546216. 
A further embodiment of the device according to the 

invention is characterized in that the reference member 
comprises a number of legs. Such a reference member is 
suitable in a device which is also provided with an 
imaging device which comprises at least one light 
source and a light sensor cooperating with said light 
source and which is suitable for placing components 
having connection wires. The legs of the reference 
member coupled to the manipulator and the connection 
wires of the component interrupt a light beam emitted 
by the light source in the direction of the light sensor at 
differentmoments. The position of the component rela 
tive to the manipulator can be determined from these 
moments. Such an imaging device is known from U.S. 
Pat. No. 4,553,843. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be explained in more detail with 
reference to the drawing in which 
FIG. 1 is a diagrammatic side elevation of a device 

according to the invention, 
FIG. 2 is a diagrammatic plan view of the device, 
FIG. 3 shows a pick-up device with a number of 

manipulators of the device, 
FIG. 4 is a bottom view of the pick-up device de 

picted in FIG. 3, 
FIG. 5 shows a component with a reference member 

according to the invention, 
FIG. 6a diagrammatically shows a second embodi 

ment of a device according to the invention, and 
FIGS. 6b and 6c are a plan view and a lateral eleva 

tion, respectively, of an imaging device belonging to the 
device shown in FIG. 6a. 
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4 
DETAILED DESCRIPTION OF PREFERRED 

EMBODIMENTS 

The same reference numerals are used for the corre 
sponding parts in the various Figures. 
FIGS. 1 and 2 show a device 1 for placing compo 

nents on a printed circuit board in lateral elevation and 
in plan view, respectively. The reference numeral 2 in 
these Figures indicates a printed circuit board which 
has already been provided with components 3 at the 
lower side, which components have been placed in 
holes in the printed circuit board 2 with their connec 
tion wires. The printed circuit board 2 is supported by 
a carrier 5. Components are yet to be placed on the 
upper side of the printed circuit board 2. These may be: 
components suitable for surface mounting, the so-called 
SMDs such as PLCCs, QFPs, SOTs, etc., or compo 
nents having connection wires which are to be inserted 
in holes in the printed circuit board 2. The components 
must be placed on the printed circuit board 2 in an 
accurate manner with small mutual interspacings. The 
components to be placed are packed in known manner 
in packaging tapes 9 wound on reels 7. The packaging 
tape 9 comprises a carrier tape 11 with compartments 
and a covering tape 13. The covering tape 13 is re 
moved from the carrier tape 11 and the components 
accommodated in the compartments may be taken from 
the carrier tapell in a feed position 15. The compo 
nents are taken from the feed positions 15 and put on the 
printed circuit board 2 by a transfer mechanism 17. The 
transfer mechanism 17 comprises a slide 19 which can 
be displaced in the x-directions and a pick-up device 21 
which is also constructed as a slide and which can be 
displaced in the y-directions. The pick-up device 21 is 
provided with a number of manipulators 23 which are 
capable of picking up components by means of an un 
derpressure and which are each rotatable about a z-axis 
which is transverse to the x- and y-directions. A more 
detailed description of such a device 1 which is suitable 
for placing components on a printed circuit board 2 can 
be found in European Patent 92292. The manipulators 
23 are positioned in the pick-up device 21 in a pattern 
which corresponds to the pattern of the feed positions 
15, so that the manipulators 23 can pick up components 
simultaneously. The device further comprises an imag 
ing device 25 which is situated between the feed posi 
tions 15 and the printed circuit board 2. The imaging 
device comprises a known video camera (not shown), a 
?ash gun (not shown) and an optical system (not 
shown). Pictures can be taken by the camera 25 of ob 
jects which are present in the image ?eld 27 situated 
above the camera. 
FIG. 3 shows a pick-up device which corresponds to 

a device as described in detail in a European Patent 
Application by Applicant, Publication EP-A10434l56 
(Application No. 902033539). Each cylindrical manipu 
lator 23 is rotatable about a centerline 29 and arranged 
coaxially in a holder 31 which is connected to a frame 
33. Each manipulator 23 is provided with a coaxially 
situated channel 35 in which an underpressure can be 
generated, so that the manipulator 23 can pick up a 
component. The pick-up device 21 is further provided 
with a reference member 37. The reference member 37 
has notch provided in a frame 33 of the pick-up device 
21, which notch is essentially black and on which white 
marks 39 are provided (see FIG. 4). The positions of the 
marks 39 relative to the manipulators 23 are measured 
and stored in a control system (not shown). 
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The operation of the device 1 is now brie?y ex 
plained. The transfer mechanism 17 with the manipula 
tors 23 is brought to above the feed positions 15 by the 
control system (not shown) for the device 1. Compo 
nents are picked up simultaneously or one by one by the 
manipulators 23 by means of an underpressure. The 
manipulators 23 are then displaced in a y-direction 
through the image ?eld 27 over the camera 25. The 

, moment a manipulator 23 has present in the image ?eld 
27 of the camera 25 the ?ash gun is triggered and a 
picture of the component held by the manipulator and 
of a portion of the reference member 37 situated in the, 
vicinity of the manipulator is taken. The movements of 
the transfer mechanism 17 and the manipulators 23, the 
camera 25 and the ?ash gun are controlled by the con 
trol system. A picture is taken of every component in 
this manner. A picture may be obtained of each compo 
nent carried by a manipulator 23 and a portion of the 
reference member 37 in a short time since the pictures of 
the components are taken while the manipulators 23 are 
moving over the camera 25, without each manipulator 
23 having to be stopped in the image ?eld 27 of a imag 
ing device 25. Deceleration and acceleration forces on 
the components are avoided by this, and displacements 
of the component relative to the manipulator 23 as a 
result of these forces are prevented. 
The reference member 37 may also be constructed as 

a plate which is fastened to the frame 33 and which is 
provided with marks against a contrasting background, 
which plate is directed transversely to the centerlines 29 
of the manipulators 23. 
FIG. 5 shows a diagrammatic picture of a component 

41 and a portion of the reference member 37 fastened to 
the frame 33. The connection surfaces 43 of the compo 
nent 41 and the marks 39 of the reference member 37 are 
clearly visible. The control system stores where the 
camera 25 is situated relative to the device 1, where the 
reference member 37 is situated relative to the manipu 
lator 23, as well as a model picture of the connection 
surfaces 43 of the component 41. The position of the 
reference member 37 relative to the camera 25 at the 
moment at which the picture was made can be deter 
mined from the picture made, after which the position 
of the manipulator 23 can also be determined. The posi 
tion of the component 41 relative to the camera 25 at the 
moment at which the picture was made can also be 
derived from this picture. When the positions of the 
manipulator 23 relative to the camera 25 and of the 
component 41 relative to the camera 25 are known, the 
position of the component 41 relative to the manipula 
tor 23 is implicitly known as a result. This relative posi 
tion, however, need not be separately computed. The 
control system then determines the angular rotation and 
the displacements to be carried out by the manipulator 
23 in such a way that the component 41 is placed on the 
printed circuit board 2 in the desired position. It should 
be understood that the term “position” includes both 
location and orientation information. 
Other known imaging devices such as, for example, 

linear CCD cameras, photocameras, or laser scanners 
may be used instead of a video camera. 
FIG. 6a shows a second embodiment of a device 50 

according to the invention which is suitable for placing 
components 51 with connection wires 53 in holes 55 in 
a printed circuit board 57. The device corresponds to a 
device as described in detail in a European Patent Ap 
plication by Applicant in said Application no. 
902032341 but without the main feature of the present 
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6 
invention. The device 50 comprises a robot 59 which is 
provided with a manipulator 61 which can pick up 
components by means of grippers 63. The manipulator 
61 is provided with three legs 65 which act as reference 
members. The robot 59 is controlled by a control sys 
tem 67. The control system 67 is provided with informa 
tion about the movements to be carried out by the robot 
59 by a computer 69. The device 50 is further provided 
with an imaging device 71 (FIGS. 6b, 6c) which com 
prises seven light sources and seven light sensors. A 
light beam emitted by each light source is detected by a 
light sensor cooperating with this light source. The 
operation of the device 50 is as follows. The component 
51 held by the manipulator 61 is moved through the 
imaging device 71 by the robot 59. The legs 65 of the 
manipulator 61 interrupt the light beams 101, 102 and 
103, so that the light sensors temporarily receive no 
light. The times at which the light beams are interrupted 
are stored in the computer. The moments at which the 
connection wires 53 of the component 51 interrupt the 
light beams 104, 105 and 106 are also stored in the com 
puter 69. The times at which the connection wires 53 of 
the component 51 interrupt the light beams 104, 105, 
and 106 are also stored in the computer 69. The light 
beam 107 is only interrupted if one of the connection 
wires 53 is too long, so that the computer 69 gives an 
alarm signal. The position of the component 51 relative 
to the manipulator 61 is computed by the computer 69 
from the times at which the light beams 101 to 106 were 
interrupted. This may be done in a manner analogous to 
that described in the cited European Patent Publication 
EP-A20432848 (Application 902032341) referred to 
above or the above mentioned US. Pat. No. 4,553,843. 
The position of the printed circuit board 57, the posi 
tions of the holes 55 and the expected position of the 
component 51 relative to the manipulator 61 are stored 
in each computer 69. 
The displacement to be carried out by the manipula 

tor 61 is computed from the position of the manipulator 
61 the deviations of the actual position from the ex 
pected position of the component 51 relative to the 
manipulator 61, and the positions of the holes 55 in the 
printed circuit board 57 in such a way that the connec 
tion wires 53 can be inserted in the holes 55 of the 
printed circuit board, upon which the component 51 is 
placed on the printed circuit board 57. The position of 
the printed circuit board 57 relative to the manipulator 
61 must be exactly known in order to obtain a correct 
placement of the component 51. The exact position of 
the imaging device 71 relative to the manipulator 61 and 
the printed circuit board 57 need not be known because 
this position plays no part in the determination of the 
position of the component 51 relative to the manipula 
tor 61 and the printed circuit board 57. 
A picture of the component and of a reference mem 

ber coupled to the manipulator is used both in the deter 
mination of the positions of manipulator and component 
relative to the imaging device and in the determination 
of the position of the component relative to the manipua 
lator. Both methods can be used with the devices de~ 
scribed above. When determining the positions relative 
to the imaging device, the position of the imaging de 
vice relative to the device must be exactly known. 
We claim: 
1. A method of placing a component on a printed 

circuit board comprising displacing a manipulator car 
rying the component relative to an imaging device hav 
ing in image ?eld, moving the component into the 
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image ?eld of the imaging device, determining the posi 
tion of the component with the imaging device, and 
placing the component into a predetermined position on 
the printed circuit board by the manipulator, said deter 
mining including taking a picture of the component and 
of a reference member coupled to the manipulator with 
the imaging device, and then determining the positions 
of the component and the manipulator relative to the 
imaging device from the picture. 

2. A method as claimed in claim 1 wherein the taking 
of said picture with the imaging device is performed 
while the component carried by the manipulator and 
the reference member coupled to the manipulator are 
being moved through the image ?eld of the imaging 
device. ' 

3. A method of placing a component on a printed 
circuit board comprising displacing a manipulator car 
rying the component relative to an imaging device hav 
ing an image ?eld, bringing the component into the 
image ?eld of the imaging device, determining the posi 
tion of the component with the imaging device and 
placing the component into a predetermined position on 
the printed circuit board with the manipulator, said 
determining including making a picture of the compo 
nent and of a reference member coupled to the manipu 
lator with the imaging device and determining the posi 
tion of the component relative to the manipulator from 
the picture. 

4. The method of claim 3 wherein the making of said 
picture is performed while the component carried by 
the manipulator and the reference member coupled to 
the manipulator are being moved through the image 
?eld of the imaging device. 

5. A method of determining the position of a compo 
nent comprising: 
moving a component into the image ?eld of an imag 

ing device; . 
creating an image of the component and a referenc 
member, said member manifesting the position of 
said component relative to said imaging device 
during said moving; and 

determining the position of the component relative to 
the imaging device in response to the created image 
of said component and said reference member. 

6. The method of claim 5 including placing the com 
ponent in a predetermined position after said determin 
ing. 

7. A component manipulator device for placing a 
component on a printed circuit board comprising: 

imaging means having an image ?eld; 
at least one component manipulator operatively asso 

ciated with said imaging means; 
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8 
a reference member coupled to said at least one ma 

nipulator and having a ?xed position relative to 
said manipulator; 

means operatively associated with said reference 
member and said manipulator to move a compo 
nent secured thereto and said reference member 
into said image ?eld; and 

means for determining the position of the component 
relative to said imaging means and for causing the 
manipulator to place the component into a prede 
termined position on said printed circuit board; 

said means for determining including means for creat 
ing an image of said component and said reference 
member and means responsive to said created 
image for determining the position of the compo 
nent and the manipulator relative to the imaging 
means. 

8. A device as claimed in claim 7 including a plurality 
of manipulators, said reference member being coupled 
to all of said manipulators. 

9. A device as claimed in claim 7 wherein the refer 
ence member comprises a plate having at least one 
mark. 

10. A device as claimed in claim 7 wherein the refer 
ence member comprises a plurality of legs. 

11. A device for displacing a component to a prede 
termined location comprising: 
means for moving a component into the image ?eld of 

an imaging device; 
means including the imaging device for creating an 
image of the component and a reference member 
manifesting the relative position of said component 
to said imaging device during said moving; and 

means responsive to the created image of said compo 
nent and said reference member for determining 
the position of the component relative to said imag 
ing means, said means being operatively associated 
one to the other. 

12. A device for placing a component in a predeter 
mined locati‘on comprising: 
means for moving a component and a reference mem 

her into the image ?eld of an imaging device, said 
reference member manifesting the relative position 
of the component thereto; 

means including the imaging device for creating an 
image of the component and the reference member, 
said image manifesting the relative position and 
orientation of said component to the imaging de 
vice during said moving; 

means for determining the position and orientation of 
the component in response to the created image of 
said component and said reference member; and 

means responsive to said means for determining for 
placing the component in said predetermined loca 
tion in a given component orientation. 
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